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Tuesday, February 5, 2013 431apathological defects like thrombosis and cancer. They are activated to a high
affinity state by the formation of a complex involving the b integrin cytoplas-
mic tail, the membrane and the head domain of talin, a large cytoplasmic
protein that links integrins to actin. Here, we model the binding and the inter-
actions of the complete talin head domain with a phospholipid bilayer, using
a multiscale approach that combines coarse-grained and atomistic molecular
dynamics simulations. The talin head domain has four sub-domains F0, F1,
F2 and F3, with a long positively charged loop inserted in the F1 domain.
The role of this F1 loop, which is missing from the crystal structure of the talin
head (PDB:3IVF), is also explored. The results show that the talin head domain
binds to the membrane predominantly via positively charged regions on the
F2 and F3 subdomains and the F1 loop. Upon binding, the intact talin head
adopts a novel conformation which optimizes its interactions with the
membrane. Subsequently, the same multiscale approach is used to probe the
formation of the talin/membrane/a/b-tail complex and how this complex
promotes a rearrangement of the integrin a and b trans-membrane (TM)
helices.
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The interaction of cytotoxins, small three fingered proteins, with lipid bilayers
as cell’s membranes has many important biological effects in nature and may
lead to deform or in some cases rupture of lipid bilayers. Experimental obser-
vations have shown that cardiotoxins (cobra cytotoxins) damage nanobiomem-
branes in different cells and vesicles. However, the molecular mechanism of
this damage is not yet completely cleared. Molecular dynamics simulations
have been used here to study the interaction of some of these proteins with
a lipid nanobio membrane. different cytotoxins with different charges and com-
positions are simulated. The results show that the orientation of the proteins
when meeting the lipid membrane depends on charge, hydrophobicity and com-
position of the protein.
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Lipid-anchored signaling proteins assemble into dynamic signaling platforms
on the plasma membrane [1] as well as in model membranes [2]. One of the
best characterized examples of these membrane-assemblies are those of Ras
proteins. Ras is a molecular switch that controls cell growth and proliferation.
The primary site of Ras action is the inner surface of the plasma. A fraction of
membrane-associated Ras proteins forms small transient preotlipid assemblies,
or nanoclusters, that are the exclusive sites of effector recruitment and activa-
tion. Therefore, nanoclusters represent novel therapeutic targets to prevent de-
fective Ras signaling, a common cause of many cancers. However, due to the
dynamic nature of nanoclusters, with critical events occurring on nano- to
micro-second time scales, major questions are difficult to address using current
experimental approaches. For instance, it is unclear why highly homologous
Ras isoforms form different clusters and whether nanoclusters sense/stabilize
curved membrane regions or facilitate membrane deformation. We have begun
to address these questions based on coarse-grained molecular simulations [3,4].
This presentation will focus on the role of cholesterol and protein concentration
on Ras clustering and the effect of the clusters on the mechanical properties of
the host membrane.
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The reaction mechanism of the cytochrome bc1 (cyt bc1) complex relies on
proton and electron transfers to/from substrate quinone/quinol, which in turn
generates a proton gradient across the mitochondrial membrane used in the
ATP synthesis. Cardiolipins (CLs) have been suggested to both ensure thestructural integrity of the complex and take part in the proton uptake. We study
the issue by simulating the entire cyt bc1 dimer of purple photosynthetic bac-
terium Rhodobacter capsulatus embedded into a lipid bilayer using all-atom
molecular dynamics. In the 200 ns simulations CLs position themselves in
the dimer interface and around the protein close to the higher potential heme
groups of the enzyme complex’s catalytic Qi-sites, in line with the positioning
seen in the crystal structures. The arrangement of CLs close to the Qi-sites sup-
ports the proposed view of these highly charged phospholipids as key players in
the proton uptake. Based on the simulations we also present a refined dimer
arrangement for the cyt bc1 complex that encompasses the full effect of the
surrounding lipid environment. The periplasmic domains of the complex
spread against the membrane; moreover, this conformational shift was more
pronounced when Qo-site lacked a bound substrate. As a whole, the applied
modeling approach provides novel insights into the lipid-cyt bc1 dynamics,
complementing the previous experimental findings.
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There is a fundamental gap in our understanding of how aggregates formed by
mutant Huntington (htt) protein with varying polyQ repeats gain toxic proper-
ties causing Huntington’s disease (HD). From experimental studies, it has been
known that the central and the most important step associated with toxicity is
the binding of mutant htt and its aggregates to lipids. It is also known that flank-
ing amino acid sequences around the polyglutamine stretch directly affects the
interaction with the lipid bilayer. The exact nature of these interactions and the
key steps of how these flanking sequences and polyglutamate length affect
structure of lipid bilayers are not known.
In this study, we use atomistic molecular dynamics simulations to study the na-
ture of interaction between the various mutant htt protein with the associated
flanking sequences around the polyQ stretch and we explore the changes in
these interactions with lipid bilayers by varying the length of the polyQ stretch
as well. We also study the effect of lipid compositions on these interactions.
Initial results from adsorption simulations of polyQ peptides show membrane
thinning and changes in the area of lipid head groups where the protein adsorbs.
Although we do not observe complete disruption of membrane structure, we see
significant compensation effects in the bottom leaflet of the membrane. We
compare these effects across the different flanking sequences and various
lengths of polyQ stretches and observe varying degrees of changes in the struc-
ture of the lipid bilayer.
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Inward-rectifier Kþ (Kir) channels are ion channels that transport potassium
into the cell. They are essential to maintain the resting membrane potential
and to regulate the action potential duration in excitable cells [1]. As a conse-
quence, Kir mutations result in several diseases, such as periodic paralysis or
cardiac arrhythmia [1, 2].
The activity of Kir channels is regulated by phosphatidylinositol-(4,5)-bisphos-
phate (PIP2), a negatively charged phospholipid that has been recognized as one
of the major regulators of membrane excitability [2]. Recently, the MacKinnon
group has solved the crystal structure of Kir2.2 in the apo form [3] and in
complex with a PIP2 derivative [4]. PIP2 binding is shown to induce a large
conformational change of the linker connecting the transmembrane (TMD)
and cytosolic (CTD) domains, as well as the opening of the inner helix bundle
crossing (HBC) gate. However, the specific mechanism of Kir activation by
PIP2 is not known yet.
Here we have investigated the dynamics of PIP2-triggered channel gating
by means of molecular dynamics (MD). Simulations have been performed on
both the apo and holo states of the channel, embedded in a POPC membrane
in the presence of KCl. The trajectories obtained give further insight into
how the channel-PIP2 interactions drive the contraction of the linker and the
translation of the CTD towards the TMD, resulting in the separation of the
helices at the HBC gate. Additional free energy perturbation calculations
will be needed to provide an estimate of the binding affinity of PIP2 to the
channel and the extent of the cooperativity effect [5].
[1] Physiol. Rev. 90:291-366 (2010).
[2] Pflugers Arch. 460:321–341 (2010).
[3] Science, 326:1668-1674 (2009)
[4] Nature (Letter), 477:495-499 (2011)
[5] (a) Channels, 2:19-33 (2008). (b) J. Physiol. 586:1833-1848 (2008)
